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What can we learn from single

- particle properites ?

The (quenching of) spect. factors gives a measure of correlations

The evolution with Z/N  affects the properties of drip -line isotopes

Quasiparticles can be identified with
the degrees of freedom inthe shell
model. Their knowledge tells about:

==

-single-particle wave functions
-effective interactions

_-effective charges
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What can we learn from single - particle properites?

The (quenching of) spect. factors gives a measure of correlations

The evolution with Z/N  affects the properties of drip -line isotopes

QuaSipaI’ticleS can be |dent|f|ed W|th —_Sing|e_partic|e wave functions
the degrees of freedom inthe shell — -effective interactions
model. Their knowledge tells about: _-effective charges

What is new in recent years?

A Quasiparticles around closed-shells can now be approached

with large-s ¢ a | ei/ miatalcwadions \
This talk /7
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One-body Greenodos function (or propadg
of quasi - particles and holes:

g (M :é, é'YOA |Ca |YnA+16 %nAJrl |CZ |YOA6
ab ! w- (EX- EXN+in

45 A, Y0 e, [Y,0
A BB s

ét hi s c alhthestructuse information probed by nucleon
transfer (spectral function):

S, (1) = %Im 0,00 = & |aXc, Y20k dwe (EX- EMY)
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Quasiparticle and phonon excitations can be described with
many-body Greendos functions:

1

g (W) — aYA C : cr YA6+,,, one-body propagator
ab olaW_H_I_Ihblo
\ 1
G,y ,d0) = &, c, ¥ ,hc; ¢ |Y,*8+... two-body propagaor
, CH+]
P O(W) -\ A|C+ C L ¢ e |Y A§+  polarization (ph)
ab,g 0 a b W- H +|h d ~g 0 " propagator
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Quasiparticle and phonon excitations can be described with
many-body Greendos functions:

( W) addition removal of oneparticle, spectra of A 1
ga b particle systems, one -body density, optical potential.

G” , U(W) addition removal of two particles, spectraof A 2
499 particle systems, two -body density

Pa b g a(W) spectrum of the A particle systems, one -body response

A linked to a lot of exp. information

Aoefficiencyod with information
are generated
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Theory Features: Links to Physics:

AEully microscopic A éab-i ni t i o6 AClosely related to spectroscopy
approach a A experiments

ALinked diags. A size extensivity

£ p h o narenttse 6low-energy
degrees of freedom a A
phenomenological apps. possible

Ahierarchy of equations fi can improve
systematically

AThe computational cost scales gently
with increasing A

_ _ AThe self -energy is a nucleon-

A Self -consistency - (see, e.g. DOM applications)

Afulfillment of  conservation laws
Ao noceference state

GFs are the method of choice for a global picture of nuclear dynamics

eand, yes, of course |l ots of inforn
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In diagrammatic form:

¢

A itleads to al -body equation:

f:y WO + FES (7T y PN =y P ()
m

> , [free particle  propagator

= = , correlated propagator

‘ 07 rr e d welfi- énérayo

yU(ry Ay M) | Y A8
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Coupling single ioartiefal '
b b — c

.collective modes

A Non perturbative expansion of the self - energy:

Y
ANExt endedoe— -~

Hartree Fock // Qplh/Zhlp Configurations
/
AExplicit correl 9/t i omar eintlee it hee du
propagators: ¥
¥

— Moth pp/hh (ladder) and

(g"(PP) ph (ring) response included
—> APauli exchange at 2p1h/2h1p

level
L ) < — — PRC63, 0343132001)
=—>»— 1 particle \ ‘IZ PRC65, 064313 (2002)
—— 1 hole Faddeev_ RPA PRA76, 052503 (2007)
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@aﬁaddeev summa
Y \\
t ABoth pp/hh (ladder) and

@ ph (ring) response included
Apauli exchange at 2p1h/2hip
r@ level

1l
AAll order summation through

a set of Faddeev equations

where: \

> RPA

References: CB, et al., Phys. Rev. C63, 034313 (2001); Phys. Rev. A76, 052503 (2007) p o
[ ]
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input
propagator

one-hole spectral function

two-hole spectral fun"c‘tion

e*

" excitation spectrum

a()

— | ph-RPA
P H(ph)

optical potential

FULL self consistency in mid size bases in now POSSIBLE:
160, 8 shells~ CB, Phys. Lett. B643, 268 (2006)
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Binding energy 0 simple cases

[C. B., to be published]
'16_ T l T l T l T l
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The binding energy of “He
agrees with the exact
Faddeev-Yakubowsky result

A 1 ei \(kz)a b g (h)
= — 74 s +tway IS
2 -[Fi aa-b é 2m q g b a(,/’/)

[Migdal - Galitski - Boffi -Koltun (2BF)]

CB and van Neck,

AIP Conf.Proc. 1120, 104 (060
AtomS. +wWork in progress

HF FRPA EXp.
He: +44 +1 -2.904

Ne: +388 ao -128.938
Mg: 281 +2 -200.054
Ar: 426 -4 -527.544

Confrontation and Convergence in Nuclear Theory
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Phys. Rev. A76, 052503 (2007 ). + CB, VanNeck, M. Degroote ,AIP Conf . Proc . 1} and,
work in progress

HF FRPA EXxp.

He: -2.862 -2.903 -2.904
Be?*: -13.612 -13.656 -13.656
Be: -14.573 -14.644 -14.667
Ne: -128.551 -128.938 -128.938
Mg?*: -198.837 -199.228 -199.221
Mg: -199.616 -200.052 -200.054
Ar: -526.820 -527.548 -527.544

Energies in Hartree / Relative to the experimentin mH

cc-pV(Q5)Z bases, extrapolated to basis limit as E = E,+AX3 (° 5mH accuracy)
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Phys. Rev. A76, 052503 (2007 ). + CB, VanNeck, M. Degroote ,AIP Conf . Pr oc .

HF FRPA EXp.
He: +42 +0.8 -2.904
Be2*: +44 0.3 -13.656
Be: +94 +23 -14.667
Ne: +388 +0.2 -128.938
Mg?*: +444 -7 -199.221
Mg: +438 +2 -200.054
Ar: +724 -4 -527.544

Energies in Hartree / Relative to the experiment in

mH

1) and,
work in progress

cc-pV(Q5)Z bases, extrapolated to basis limit as E = E,+AX3 (° 5mH accuracy)
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ng energies for
P 1 - - - -

Phys. Rev. A76, 052503 (2007 ). + CB, VanNeck, M. Degroote ,AIP Conf . Proc. 1) and,
work in progress

HF FRPA EXp. CCSD
He: +42 +0.8 -2.904 -0.2
Be2+: +44 -0.3 -13.656

Be: +94 +23 -14.667 +15
Ne: +388 +0.2 -128.938 +3
Mg2*: +444 -7 -199.221 +2
Mag: +438 +2 -200.054 +4
Ar: +724 -4 -527.544

Energies in Hartree / Relative to the experimentin  mH

cc-pV(Q5)Z bases, extrapolated to basis limit as E = E,+AX3 (° 5mH accuracy)
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FRPA, F-TDA® { }

A.B.Trofimov, J. Schirmer, J. Chem. Phys. 123, 144115 (2005).
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